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Introduction
At present the power quality (PQ) problems are paid particular attention. Under current conditions, the power quality indices (PQI) such as voltage asymmetry and non-sinusoidality have become indispensable factors, which reduce the performance of the power supply systems themselves significantly and their connected consumers accordingly.
According to the research of the basic power quality indices in 0.4, 6 and 35 kV network nodes of the Trans-Baikal Territory power system it was found that deviation of the basic PQI such as voltage asymmetry and non-sinusoidality is a permanent factor during operation of the Trans-Baikal power system networks. In a number of cases the asymmetry level exceeds the GOST 32144 -2013 [1] rated value [2] (by 2 -3 times).
Due to unsatisfactory condition of PQ in the Trans-Baikal power system distribution networks, a great number of electric equipment failures at the consumers' facilities is observed. According to damage rate analysis of asynchronous motors (AM) at the Trans-Baikal Territory enterprises The electric equipment reliability and performance is directly related to PQ in the distribution networks. For steady-state operation of the power-consuming units it is necessary to carry out a number of actions directed at PQ improvement and at voltage asymmetry removal, in particular.
Within this work framework, one of possible actions for PQ improvement, due to introduction of balancing devices into power supply system (PSS) at the designing stage is proposed.
-530 -Viktoria V. Romanova, Sergey V. Khromov… Development of Procedures for Determining the Optimal Placement… This work scope is development and approbation for determining the optimal location of symmetrization devices for 0.4 kV power supply systems with motor-actuated load (using the example of the Trans-Baikal Territory).
Task setting
In accordance with the set goal the task on development of the power supply system calculation algorithm subject to using the balancing devices and their installation locations was implemented, based on which the procedure will be built. The diagram for calculation algorithm of the power supply system subject to using the balancing devices and their installation locations is given in Fig. 1 .
Based on the experimental research data of the basic PQI, the information on the value of power loss in the elements of the power supply system under study, and, in addition, relying upon customers' allowable operating modes, it is possible to select the parameters of the balancing devices and determine the optimal location of these devices in the power supply system. Thus, the calculation of the value for supplementary power losses due to voltage asymmetry will enable to define the economic feasibility for carrying out particular actions for asymmetry removal, and besides, to specify the optimal application and location of these devices. Fig. 1 . Block diagram for calculation algorithm of the power supply system subject to using the balancing devices and their installation locations Fig. 1 . Block diagram for calculation algorithm of the power supply system subject to using the balancing devices and their installation locations
Research results and their discussion
The developed procedure is a matter of interest during development of projects for power supply systems for regions with available non-linear loads.
The main criterion for the procedure application consists in excess of the voltage asymmetry coefficient statistical value (K 2U ) in negative-phase sequence for this PSS over the allowable value K 2U for AM (Table 1 ) installed in the same power supply system. The required k 2U value is selected based on the customer's allowable operating mode. The values of the allowable value K 2U for AM are taken from the research results [3] .
The procedure can be implemented in the following sequence:
1) let us determine the losses for symmetrical operating modes in the main elements of the power supply system.
Calculation of supplementary power losses is made by formulas given in [4] .
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2) let us determine the losses for asymmetrical operating modes in the main elements of the power supply system.
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The coefficient k AM value for industrial overall load is advised to take on equal to 1.85.
During long-sustained asymmetrical operating mode, due to the flow of negative-phase sequence currents, the supplementary power losses occur in the power transformers, which can be determined by the following formula:
he voltage asymmetry coefficient in negative-phase sequence; during idle mode; 
where K 2U -the voltage asymmetry coefficient in negative-phase sequence; ΔP IM -losses during idle mode; ΔP SC -losses during short-circuit mode; U SC -short-circuit voltage.
3) let us proceed to taking the special measures for removal of the voltage asymmetry and determination of the optimal application and location of these devices.
Let us calculate the optimal location and selection of the balancing devices. The following subtasks shall be solved for this purpose:
а) detect the motor, which is most sensitive to voltage asymmetry out of all motors present in the power supply system, b) determine the losses for asymmetric operating mode in the main elements of the power supply system with installed balancing device in the central node of the diagram. Calculate the payback period for installation of the balancing device.
Calculation of the payback period for installation of the balancing device can be determined by the following formula:
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During long-sustained asymmetrical operating mode, due to the flow of negative-phase equence currents, the supplementary power losses occur in the power transformers, which can be etermined by the following formula:
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where PP -the payback period; S -the total cost of the installed balancing devices;
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Let us calculate the optimal location and selection of the balancing devices. The following subtasks shall be solved for this purpose: 2) the configuration of the power supply system section of the Taptugary village, the electric power consumers' characteristics.
The power supply system, on which the procedure was approved, is given in Fig. 2 Calculation of the power supply wiring diagram was made using the widely spread computer
program Microsoft Office Excel. Main calculation results are summarized in Table 3 . The cost indicators are taken from the sources [5, 6] .
Thus, following the calculation results we obtained the value of power losses in the main elements of the power supply system for the symmetrical operating mode, the asymmetrical operating mode without installation of the balancing device and the asymmetrical operating mode with installed balancing device. Based on the data of results let us determine the number, power and the location for installation of the balancing device. 2) the configuration of the power supply system section of the Taptugary village, the electric power consumers' characteristics.
The power supply system, on which the procedure was approved, is given in Fig. 2 Analysing the data given in Table 3 the conclusion can be made that for considered diagram it is economically viable to install one balancing device with 45 kW power on the common node of the lines 3, 4, containing the motor-actuated load, but not the individual one on each motor.
Following the results of the procedure implementation we found the necessity for application of the balancing devices for industrial consumers in the diagram under research. We selected the most cost-effective location of the balancing device in PSS.
It is evident that only upon available reliable information about the levels of PQI distortion, about the operating modes of the power consumers it is possible to make up the requirements specification for PSS designing and to select the optimal parameters for the balancing devices.
Conclusion
The developed procedure is of practical interest for designing of 0.4 kV power supply systems containing the motor-actuated load under voltage asymmetry conditions. The specifics of the electric power consumers' operating modes and their geographical location are built in the procedure.
Application of the procedure in PSS with available motor-actuated load will allow increase the operating reliability and efficiency of the asynchronous motors. The proposed procedure will be the basis for implementation of the task for creation of the software complex allowing to make quick and accurate calculation of the power losses, to determine the economical feasibility of provision special measures for removal of the voltage asymmetry, for determination of optimal application and location of the balancing devices. 
